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CHAPTER I 
INTRODUCTION 
With the development o·f our technological society 
comes the relentless ambition to achieve growth and pros-
perity. Inasmuch as we all benefit from expanding housing, 
agricultural, industrial, and urban developments, many 
environmental effects have changed the ambient environment. 
Such cases include air and noise pollution from our 
industry and transportation sources and point source pol-
lution from water pollution control plants. Another area 
of considerable concern is the effect of altering the 
natural terrain in a geographical area. Society and the 
environment have felt the results of development and 
changes in those areas that did not first have comprehen-
sive planning conducted. In such cases, the watershed 
areas have been altered in such a way as to change the 
natural abilities of the terrain to function and carry on 
in a balanced ecosystem. Some recharge areas are not 
receiving past recorded volumes of percolation water due 
to the changing runoff characteristics of the suface. 
In other areas, canals and wa·terways were promoted to aid 
1n the removal of rainfall excess (runoff). Some areas 
are being lined with impervious layers which starv~ the 
1 
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subterranean aquifer 8f needed natural recharge water not 
to mention the increased flooding and destruction caused 
from this manufactured runoff. 
In any event reserach and development from the priv-
ate and governmental sectors have influenced legislation in 
combating growth without comprehensive planning. Such 
legislation will ensure that future growth will not destroy 
the basic needs of the ecosystem and man. In particular, 
section 208 of the federal water pollution control act, 
PL 92-500, has established regulations concerning flood 
control studies and urban/rural developments. It states 
that future and present planned projects and communities 
must develop hydrologic plans to insure that such growth 
will leave the geographical location hydrologically the 
same as it was before such growth. In essence this means 
that environmental constraints will dictate how an area 
can be altered to p~otect all areas of concern. 
Such academic criteria have prompted much needed 
studies and research to capitulate the science of hydro-
logic management. To ensure that section 208 is fully 
understood and practiced, models of the hydrologic cycle 
have been incorporated by engineers and planners to be 
used in studies in hydrologic planning. In essence these 
models duplicate with minimum error the natural and man-
made runoff, thereby creating an abstract image of such an 
3 
event. Consequently a practical tool can be developed to 
understand the hydrologic conditions of an area, its needs, 
and the proper conditions for which to design and plan. 
CHAPTER II 
OBJECTIVES AND SCOPE 
The main objectives of . this research report are 
to incorporate the Best Management Production Function 
Model (BMP) as a subroutine into the Non-Point Mathemati-
cal Planning Model (NONPT) and to observe and report the 
parametric analysis on the final edition of the coriliined 
prograM. 
The BMP model was developed by Martin Paul 
Wanielista, Ph.D., P.E. at Florida Technological Univer-
sity. The model was developed for the design and evalua-
tion of diversion structures and to separate a quantity of 
rainfall runoff for further treatments. This model is also 
capable of determining quantity and quality of runoff for 
a given land use pattern. 
The NONPT model was also developed by Dr. Wanielista 
and Dr. David Block, Ph.D., P.E. This model is capable of: 
1) identifying current effects, 
2) assessing management methods, 
3) assess1ng the effects of changing land use, 
4) and preliminary engineering design of transport 
facilities. 
It is beyond the scope of this report to determine 
4 
5 
the sensitivity of all areas of the newly combined version 
of the BMP-NONPT model. Therefore, the topics were 
abridged so that one may develop and understand an import-
ant facet of this comprehensive model. The area of con-
cern is the volume of runoff·and the effects of two input 
parameters that determine the runoff discharge hydrograph 
and peak flows. The two parameters selected are the per-
cent imperviousness and the design rainfall. 
The test area selected for the analysis is a 3453.7 
acre plot of land located in East Orange County, 
Florida between SR 520 and SR 50. It is not the intent of 
the author to run a comprehensive plan on this test site 
nor to develop any conclusions for the study area. The 
test area was used to derive the physical parameters nec-
essary in using the hydrologic model. 
CHAPTER III 
BACKGROUND 
Before hydrologic models can be developed it is 
necessary to understand basic concepts of the hydrologic 
cycle and those areas that influence this cycle. 
Note figure l; from this we can view the natural 
states of water in the hydrologic cycle. Starting with 
rainfall the land, rivers, aquifers and other water bodies 
receive the necessary recharge for their respective func-
tions. As the rain falls to the ground part of this water 
budget infiltrates into the soil and travels horizontally, 
depending on geological formations and ground saturation. 
Other parts of this rainfall will experience evapotrans-
piration and the rest will become rainfall excess commonly 
known as runoff. 
Many factors influence the amounts of rainfall that 
each area of the cycle will receive. These factors 
include but are not limited to 
1) volume of rainfall, 
2) intensity of rainfall, 
3) geographical location of rainfall events, 
4) type of vegetation and terrain, 
5) soil types, 
6 
WATER STORAGE 
PRECIPITATION 
RECHARGE 
SOIL 
7 
~---------- ·---------------
GROUND WATER STORAGE 
--------- ---------
IMPERMEABLE 
FIGURE 1 THE HYDROLOGIC CYCLE 
7 
6) geographical formations, 
7} climatic conditions, 
8) boundry conditions, and 
9) topographical conditions. 
When considering hydrologic modeling the focus is 
on most of these factors. From this, the basic water 
budget schematic is developed as seen in figure 2. Every 
factor considered in this schematic is dynamic such that 
for any point in time during a rainfall event their 
respective magnitudes will vary. Therefore, the following 
rainfall runoff equation is derived where each respective 
factor is a function of time as seen in equation 3-1. 
Q ( t ) = p ( t ) - E ( t ) - T ( t) - I ( t) - IA ( t) ( 3-1) 
Noting that the total event is climatic and physio-
graphic in nature, systems approach leads to the develop-
ment of the time variability of the hydrologic event. As 
described in figure 3, if the rainfall intensity is not 
greater than the infiltration rate during the early part 
of the rainfall event, the precipitation rate will equal 
the infiltration rate. As time (t) progresses the soil, 
vegetation, and depression storage of rainfall reaches 
their respective peak capacities, eventually the runoff 
rate will be substantially equal to the precipitation rate. 
When infiltration and depression storage assume their 
respective peak saturation volumes, precipitation volume 
will be equal to runoff volume (Q) and the potential 
8 
p 
T 
1 1 E 
n:cc-, i lA ),._:.1 \. J- (,.) 
..._ -
\ 
(/ 
' 
"") I 
' 
.I ~~ & r/ ., ' (. 
' L ... I • ,., c 
L 
t" 
-n I L J 
I I 
., 
" 
I J l,) , 
T - TRANSPIRATION 
E - EVAPORATION 
I A- INITIAL ABSTRACTION 
P - PRECIPITATION 
Q - RAINFALL RUNOFF 
INFILTRATION 
' 
I 
"' 
l 
,. 
( 
C' 
f... .) 
FIGURE 2 \'VATER BUDGET SCHEMATIC (1) 
.. 
J 
l:PQ 
(INCHES) 
l:S 
(INCHES) 
9 
Q 
FJGURE 3 
p 
Q 
dQ- ~ @S' 
dT- d t 
time 
S' 
TIME VARJABJLITY OF HYDROLOGIC EVENTS (1} 
10 
saturation volume (5 1 ) as shown 1n equation 3-2. 
P(t) = Q(t) + S(t) (3-2) 
From the study of the inventory equation we can 
conclude that modeling of hydrologic principles will 
necessitate the need to determine physical boundary con-
dtions such as soil infiltration rates, runoff rates, 
evapotranspiration rates and initial abstraction volumes 
for the respective study area. From this analysis we can 
develop hydrologic models that coincide with hydrologic/ 
hydraulic physical laws. 
Introduction 
CHAPTER IV 
STUDY AREA 
As shown in figure 4, the Tech Basin has a surface 
area of 3453.7 acres and is locatea in East Orange County 
Florida. This area has a semi-tropical climate with aver-
age monthly temperatures ranging from a winter low of 14° 
C to a summer high of 30°C. No snow has ever been 
recorded. The groundwater area contribution to the exist-
ing surface drainage location in the southern part of the 
basin is approximately equal to the surface area. Cur-
rently there are five property owners as shown in figure 5. 
The change in elevation from the north end to the south is 
4 feet. Areas PLl and PL2 will support approximately 6500 
people in single family residential structures. Approxi-
mately 10 meters on either side of the drainage structure 
will be left in their natural state or not developed. 
Table 1 1s a summary of the present land use, types and 
areas. Soil surveys of the complete basin indicate a 
uniform sub-surface structure with a sandy soil (type A 
classification) cover of 5 feet, and a hard pan (clay) 
underlying structure. The clay soil is almost completely 
impervious to vertical water movement. 
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Table 1 
Physical Characteristics of Sub-Basins 
Plot Number 
(associated) 
2 
1 
3 
4 
5 
(upper) 
l 
5 
( lov1er) 
Size/Acres 
(Km 2 ) 
457.6 
411.7 
474 
494 
654 
426 
540 
Residential 
Residential 
Forest & Natural 
Vegetation 
Agricultural 
Grazing Land 
Orange Groves 
Residential 
Forest Land 
15 
Sub-Basin Design 
Sub-basins were determined on the concept of local-
lZlng possible drainage divides using natural topographic 
contours, soil conditions, natural boundaries and the cur-
rent flow routes. Figure 6 is the sub-basin selection. 
For this report a rigorous subdivision of the Tech-Basin 
was not curtailed to prevent complexities in the research 
analysis. The sizes of the sub-basins are shown in Table 
l. 
Curve Number (CN) 
Five factors generally determine the type of drain-
age characteristics a soil will have. They include 
1) climate, 
2) slope 
3) biological activity 
4) parent material, and 
5) age. 
The Soil Conservation Service after a thorough 
investigation of over 3000 soil types has divided each soil 
into four hydrologic groups as seen in Table 2. Knowing 
the soil classification, antecedent moisture condition, 
and land use description, a dimensionless curve number 
can be assigned to the particular soil in question using 
Table 3. In Table 4 are listed the curve numbers deter-
mined for each sub-basin. 
16 
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Table 2 
Soil Series and Hydrologic Soil Groups (3) 
The hydrologic soil groups, as defined by SCS soil scien-
tists, are: 
A. (Low runoff potential). Soils having a high infiltra-
tion rate even when thoroughly wetted and consisting 
chiefly of deep, well to excessively drained sands or 
gravels. 
B. Soils having a moderate infiltration rate when tho-
roughly wetted and consisting chiefly of moderately 
deep to deep, moderately well to well drained soils 
with moderately fine to moderately coarse texture. 
C. Soils having a slow infiltration rate when thoroughly 
wetted and consisting chiefly of soils with a layer 
that impedes downward movement of water or soils \vith 
moderately fine to fine texture. 
D. (High runoff potential). Soils having a very slow 
infiltration rate when thoroughly wetted and consist-
ing chiefly of clay soils with a high swelling poten-
tial, soils with a permanent high water table, soils 
with a claypan or clay layer at or near the surface, 
and shallow soils over nearly impervious material. 
18 
Table 3 
Runoff Curve Numbers for Selected Agricultural, 
Suburban, and Urban Land Use (1) 
(Antecedent moisture condition II, and I =0.28) 
a 
Land Use Description 
Cultivated land1 : 
without conservation 
treatment 
with conservation 
treatment 
Pasture or range land: 
poor condition 
good condition 
Meadow: good condition 
Wood or Forest land: 
thin stand, poor cov1r, 
no mulch, good cover 
Open Spaces, lawn, parks, 
golf courses, cemeteries, 
etc. 
good condition: grass 
cover on 75% or more 
of the area 
fair condition: grass 
cover on 50% to 75% of 
the area 
Commercial and business 
area (85~ impervious) 
Industrial districts 
(72% impervious) 
Hydrologic Soil Group 
A 
72 
62 
63 
39 
30 
45 
25 
39 
49 
89 
81 
.B 
81 
71 
79 
61 
58 
66 
55 
61 
69 
92 
88 
c 
88 
78 
86 
74 
71 
77 
70 
74 
79 
94 
91 
D 
91 
81 
89 
80 
78 
83 
77 
80 
84 
95 
93 
19 
Table 3 (continued) 
Land Use Description 
Residentia1 3 : 
Average lot size Average % 
Impervious 
1/8 acre or less 65 
1/4 acre 38 
1/3 acre 30 
1/2 acre 25 
1 acre 20 
Paved parking lots, 
5 
roofs, 
driveways, etc. 
Streets and roads: 
paved with curbs and 
storm sewers5 
gravel 
dirt 
4 
Hydrologic 
A 
77 
61 
57 
54 
51 
98 
98 
76 
72 
B 
85 
75 
72 
70 
68 
98 
98 
85 
82 
Soil 
c 
90 
83 
81 
80 
79 
98 
98 
89 
87 
Group 
D 
92 
87 
86 
85 
84 
98 
98 
91 
89 
1For a more detailed description of agricultural 
land use curve numbers refer to National Engineering 
Handbook, Section 4, Hydrology, Chapter 9, Aug. 1972. 
2Good cover is protected from grazing and litter 
and brush cover soil. 
3curve numbers are computed assuming the runoff 
from the house and driveway is directed towards the street 
with a minimum of roof water directed to lawns where addi-
tional infiltration could occur. 
4The remaining pervious areas (lawn) are considered 
to be in good pasture condition for these curve numbers. 
5rn some warmer climates of the country a curve 
number of 95 may be used. 
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Soil Saturation and Rainfall Excess 
Knowing the soil types and classifications, soil 
saturation and rainfall excess can be determined using the 
following analysis: 
As stated earlier, ground ·storage and runoff change 
with time until the soil saturation limit is reached. At 
the time the rate of precipitation equals the rainfall 
excess rate. Thus, the ratio of storage and excess to pre-
cipitation can be established as 
where 
s = Q 
s 1 p 
S = storage at any time (depth) 
S 1 = storage at saturation {depth) 
Q = runoff volume at any time (depth) 
( 4-1) 
p = precipitation volume at any time (depth) 
Knowing S = P - Q, substitution into equation 4-1 
leads to the following 
p - Q Q 
= 
or 
p2 
22 
In the following equation the Soil Conservation 
Service (SCS) has shown the empirical relationship between 
initial abstraction and soil storage (3). Equations 4-2 
and 4-3 were derived using the CN value and assuming 
initial abstraction was equal to 0.2S 
Sl = 1000 - 10 
CN 
And rainfall excess as 
( 3) • 
(4-2) 
( 4-3) 
The maxlmum soil storage for the tech-basin can be seen 
in Table 4. 
Time of Concentration 
The time of concentration lS that time it takes for 
runoff to travel hydraulically from the ffiost distant part 
of the watershed to the outlet. There are four types of 
surface flows to consider. They are; overland flow, storm 
sewers, gutters, and channel flows. Each flow component 
has its particular formula that can be used. Table 4 has 
the calculated times of concentrations for each sub-basin. 
Impervious Area {%) 
The impervious area of the sub-basin is necessary 
due to its effects on rainfall excess. A highly impervi-
ous area will have higher rates and volumes of runoff 
23 
relative to an area with lesser percent imperviousness. 
An example would be an urban area as opposed to pasture 
land. The precision of this calculation will influence 
the runoff hydrograph and therefore influence the total 
basin output hydrograph. Note Table 4 for the calculated 
sub-basin percent imperviousness. 
Design Rainfall 
A decision for planning storm water designs must be 
made as to the design rainfall. This is usually accom-
plished from county to county from storm event studies. 
From these studies dimensionless mass curve ratios are 
developed which relate the rainfall distribution to any 
rainfall event. For this research report the Orange 
County, Florida mass curve was used as seen in figure 7. 
The different design storm frequencies/intensities infor-
mation for this report was abstracted from the U.S. 
Weather Bureau Technical paper T.P. 40 for the Orange 
County area (2). 
Summary 
The determination of the above data is the criteria 
necessary for modeling a hydrologic event through the 
study area. For a more rigorous approach more detailed 
soil moisture data should include the evapotranspiration 
rates, soil moisture added from non-rainfall events, and 
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soil moisture removed from non-rainfall effects. These 
data, excluding the evaporation rates, were not readily 
available from this study area but such data are not 
necessary for this research. 
· cHAPTER V 
BEST MANAGEMENT PRACTICES MODEL 
Introduction 
The Best Management Practices Model (BMP} ~s a run-
off quantity and quality computer simulation of a hydro-
logic event or events. This program is capable of deter-
mining and diverting the 11 first flush of storrnwater" into 
and through treatment basin facilities. The BMP will 
incorporate the hydrologic variations of the study area 
into the modeling necessary to understand the resultant 
hydrologic event. 
All necessary data for this program were determined 
1n the preceding chapter. The quantity of runoff and 
basin routing theory will be presented in this chapter 
whereas the quality aspects of this model are beyond the 
scope of this report and therefore will not be discussed. 
Runoff Volumes and Measurements 
The quantity of rainfall excess for a watershed 
1s measured empirically with representative runoff volumes 
expressed graphically through hydrographs on an axial 
coordinate system. These hydrographs match the rainfall 
excess to time for a particular design rainfall. 
26 
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Measurement of runoff can be recorded by stream gauging 
stations if available or by synthetic means. In general 
applications, synthetic runoff hydrographs are the only 
means available for determining runoff hydrographs and 
they have proven to be applicable in hydrology work 
( 1) • 
As discussed earlier, a method was derived to deter-
mine the total volume of runoff. The runoff hydrograph 
is necessary to determine the volume rate of runoff over 
the watershed particularly the peak rate. This peak 
rate is a function of time of concentration, rainfall 
intensity, area, and a runoff coefficient for the water-
shed. The properties of the hydrograph can be seen in 
figure 8. The hydrograph has three general parts of con-
cern. They include the lag time, time to peak, and the 
time of concentration. The lag time (L) is the time 
required for the center of rainfall excess mass to reach 
the corresponding runoff peak. The time to peak (Tp) is 
the difference in time between the start of the rainfall 
event to the peak of the hydrograph. The time of concen-
tration (tc) is that interval of time between the start of 
the rainfall and the declining limb of the hydrograph. 
The Soils Conservation Service assumes the lag time to 
be equal to 0.6 times the time of concentration (3). 
Common methods in determining the runoff hydrograph 
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include the rational method, unit hydrograph method, and 
the SCS Synthetic Hydrograph method. 
SCS Synthetic Hydrograph Method 
This procedure developed b.Y the Soils Conservation 
3ervice under the Department of Agriculture predicts the 
peak discharge of the hydrograph using the following 
equation 5-l. 
where 
484 AR 
qp = Tp 
qp = the peak 
A = the area 
miles 
R = the total 
Tp = the time 
(5-l) 
discharge 1n cfs 
of the drainage basin 1n square 
runoff 1n inches 
of rise 1n hours 
The SCS ~ethod determines Tp us1ng equation 5-2. 
Tp D = 2 + L (5-2) 
where 
D = the duration of the unit hyetograph 1n hours 
L = the lag time in hours 
It was stated previously that the SCS method assumes lag 
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time to be equal to 0.6 times the time of concentration. 
Substitution of this into equation 5-2 derives the time 
to peak. 
Tp 0 = 2 + 0.6 Tc (5-3) 
Now substituting equation 5-3 into the peak flow equation 
5-l, one can determine the peak flow of the SCS unit 
hydrograph as seen in equation 5-4 below. 
484 AR 
= D/2+0.6 Tc (5-4) 
The development of a simple unit hydrograph only required 
three points as shown in figure 9. The flow rate rnax1mum 
at flow peak 1s then derived from this hydrograph which 
states (1): 
0.75 CIAO 
D/2+L (5-5) 
Dimensionless hydrographs ratios are then developed 
using the above formulas. A more detailed discussion of 
cirnensionless hydrograph ratios can be seen in the pre-
vious chapter. 
In many cases, quality/quantity aspects, the flow 
rate at peak will exceed the capacity of the drainage 
channel. In such cases retention/detention treatment 
en 
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Tp 
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TRIANGULAR RUNOFF HYDROGRAPH 
VOLUME OF RUNOFF 
V2 = 1;2Qmax (T p + Tr l 
Tr= 1.67 Tp ~I 
ClAD = 1t20max (Tp+Tr) 
HOWEVER Tr = 1.67 Tp 
THERE FORE Q =~lAD 
max 2.67 Tp 
HOWEVER 
THEREFORE 
FIGURE 9 
Tp = D/2 + L 
Q o.1s ClAD max----~-
D/2 + L 
RAIN FALL HYETOGRAPH ( 1) 
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facilities are required to lessen the effects of peak 
flows and for the removal of excessive pollutants. 
Hydrograph models are necessary to determine the 
results of routing a portion of the runoff through treat-
ment facilities. Such a model capable of determining the 
physical effects of routing runoff through these treat-
ment facilities is the Muskingum Method. The Muskingum 
Method of flow routing was incorporated in the Best Man-
agement Practices Model and will be discussed in the fol-
lowing section. 
The Muskingurn Method 
The Muskingum Method was developed by E. T. McCarthy 
us1ng studies of the Muskingum Conservancy District Flood 
Control Project conducted by the Army Corps of Engineers 
in 1934 (4). This method being a wedge and prism stor-
ages procedure relates storage volume to outflow as a 
linear function with the constraint of inflow equaling 
outflow under steady state conditions. The momentum 
from the flow of a rainfall event is termed a flood wave. 
In connection with a detention basin, inflow will exceed 
outflow during the initial phases of a rainfall event and 
inversely the opposite during the later stages of the 
storm. Therefore, when the inflow is greater than the 
outflow, the resultant is considered a wedge of storage. 
Conversely, a negative wedge occurs during the recession 
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of inflow to have outflow greater. The relation of the 
differential of instantaneous magnitudes of inflow to out-
flow is termed wedge. The storage below this wedge is 
known as the prism. In essence the wedge is the result-
ant storage derived from a sloping channel water surface. 
Therefore, this storage is a function of inflow and out-
flow to obtain the following form: 
where 
S = K(xi+[l.O+x]) (5-6) 
S = storage in the channel reach, length3 
K = slope of discharge (storage constant) time 
x = constant which weights the inflow and outflow 
I = inflow to channel, length 3/time 
0 = outflow from channel, length/time 
Here K is the time required for the center g mass of the 
wave to travel the length of the channel reach (transverse 
the reach). Also the storage-continuity equation for any 
length of channel can be equated as follows: 
where: 
s = 
s = 
(Il +I 2) t 
2 
storage at time 
storage at time 
(5-7) 
1, 3 = length 
3 
= 2, length 
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I 1 inflow at time l, 3 = = length /t 
I2 inflow at time 2 I 3 = = length /t 
01 outflow at time l, 3 = = length /t 
02 outflow at time 2' 
3 
= = length /t 
t = routing period time 
The Muskingum routing equation can then be determined by 
combining equation 3 and 4 as shown below. 
(5-8) 
where 
Co = -Kx-O.St (5-9) K-Kx+O.St 
c1 Kx+O.St (5.:..10) = K-Kx+O.St 
c2 K-Kx-O.St ( 5-ll) = 
-Kx+O.St 
Also note that Co + C1 + C2 = 1.0. 
Summary 
In this chapter the procedures used 1n the Best 
Management Practices Model in determining the sub-basin 
output hydrograph and treatment basin routing methods 
were presented. I~ is necessary at this point to have a 
method in routing these sub-basin hydrographs down the 
watershed canal using hydraulic principles applicable to 
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the geographical needs of the watershed area. The Non-
Point runoff model is capable of routing channel flows or 
streams in concept similar to the Muskingurn approach. 
The stream or canal will have inflows and outflows such as 
detention facilities even though they will be miles apart. 
The Convex method of routing is incorporated in the Non-~t 
model and is discussed in the proceeding chapter. 
CHAPTER VI 
THE NON-POINT SOURCE RUNOFF ROUTING MODEL 
Introduction 
Many methods of flood routing are available and are 
classified as either hydraulic or hydrologic 1n concept. 
The hydrologic concepts were discussed prior to this 
chapter. The hydraulic model is developed on the solution 
to basic differential equations. 
The Convex method of flow routing is a hydrologic-
based approach that assumes a relationship between the 
inflow and outflow hydrographs. When considering more than 
one point of entry, 1.e., more than one sub-basin hydro-
graph, a network of nodes is ~equired to arrange and dir-
ect the flow down through the watershed area. The flow 
network usually consists of swales, canals, rivers, and 
pipes systematically related by nodal points. In general, 
a node should be placed where the geometries of transmis-
sian or land use changes. Figure 10 has the development of 
the nodal network of the study area. The first node, 
placed at the furthest reach, will be labeled 1 such that 
each proceeding node will increase by one. The sub-basins 
and transmission changes will occur at each of these nodes. 
~ 
In essence the convex method will compute the output 
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Sub-Basin 
A 
B 
c 
D 
E 
F 
G 
\-.n-JTP 
Qij 
1 = land 
use 
J = NODE 
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Residential (1) 
Residential (1) 
Agricultural (4) 
Agricultural (4) 
Agricultural (4) 
Residential (1) 
Agricultural (4) 
Commercial (2) 
Q2, 1-\\i\\TP - -- --0-- Ql, 1-A 
Q4 ,2-C · · ----~ 
I 
! 
I 
cl>--- Ql, 3-B 
I 
Q4,4-D ----- -- - G 
Q4,5-E 
I 
~ - -- Ql, 6-F 
Q 4 I 7 - G - - -- ----- 0 
I 
FIGURE 10 NODAL NETWORK 
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hydrograph for a particular node and then use this hydro-
graph as the input hydrograph when computing the proceed-
ing node. From this concept the nodal equation for each 
interaction is computed as seen in Table 5. The dynamics 
of each input hydrograph will ac~ordingly change the star-
ages, velocities, and instantaneous hydrographs along th~ 
flow route. The non-point model will use the convex 
method in determining the output hydrographs for each node. 
The Convex Method 
When studying the nodal network it can be seen that 
the flows at the beginning and end of a pipe are not 
equal. This happens because the flow is delayed and 
spread out through the length of the pipe. This is an 
unsteady flow case which requires a finite element trans-
port model to be solved. A more manageable method in 
handling this problem is to assume that the node outflow 
is constant with varying flow time. The convex method 
assumes this property to create a classic steady flow 
case applicable to Mannings Equation. 
Q = 
Q = 
N = 
A = 
p = 
s = 
1.49 
N 
flow 
AS/ 3 l/2 
p2/3 s 
(cfs) 
Manning roughness 
area (ft 2 ) 
wetted perimeter 
slope (ft/ft) 
coefficient 
(ft) 
(6-1) 
(dimensionless) 
Node 
St.:b-Area 
1 Qll 
2 Q42 
3 013 
4 Q44 
5 Q4,5 
6 Ql,6 
7 0 4,7 
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Table 5 
Nodal Equations 
Flow-in 
Pipe 
+ 
+ QNl 
+ QN2 
+ QN3 
+ QN4 
+ QNS 
+ QN6 
Flow-out 
= QNl 
= QN2 
= QN3 
= QN4 
= QNS 
= QN6 
= QN7 
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From the Manning Equation the average flow dis-
charge is determined for each pipe. The dimensions of the 
pipe or canal are then developed to suit the engineering 
criteria of the watershed basin. The flow velocities can 
then be calculated knowing the average flow discharge and 
the area of the canal. 
The canals in the study area were set constant so 
that the effects of the canal geometries would not falsely 
depict the objectives or results of this report. 
The convex method of routing assumes a relationship 
K between similar triangles or in this procedure, hydro-
graphs. This relationship is depicted in figure 11. K 
is the relationship of inflow to outflow at consecutive 
periods of time. This sets the relationship: 
(6-2) 
or rearranged such that 
( 6-3) 
The assumption is then made that period "2" out-
flow is proportional to some fractional part of period 
"l" input or: 
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FLOW 
K ~ 
-- 7 
/ 
/ 
/ 
/ 
6t 
t t 
TIME 
FIGURE 11 CONVEX METHOD ROUTING (1) 
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02 = ci 1 + (1-c) 0 1 (6-4) 
where 
c = constant, 0 < C < 1 
Equation 6-4 is then rewritten to utilize the slope of 
the discharge surface. 
( 6-5) 
where 
5 0 = discharging surface slope 
which implies, 
c = ( 6-6) 
Taking equations (6-3) and (6-5} and then equating ratios 
forms the following: 
t = c (6-7) 
The constants 11 C 11 and "K" are then estimated knowing t. 
Such that: 
LA 
K = 3600 Q (6-8) 
where, 
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L = length between points ( ft) 
A = average cross sectional area ( ft 2 ) 
Q = steady state-average flow (cfs) 
and the routing coefficient c as 
v 
c= V+l. 7 ( 6. 9) 
where 
V = steady state velocity (fps) . 
Multiplying the routing coefficient by the time interval 
E, which is the time for the flow to travel the channel 
length, one derives the desired travel time t* or 
t·"' =cE ( 6-10) 
whereupon the routing time intervai and the flow time 
interval increment, t, are set equal. A modified routine 
coefficient, c*, can then be calculated as follows: 
c* = l - (1-c) 
t+O.St* 
1.5 t* 
( 6-11) 
The flow out of the canal is then found uslng the 
modified routing coefficient, the beginning channel flow, 
and the preceding channel outflow as seen in equation 
6-12. 
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0 = ( t+ t) out = ( 1 + c * ) Q t ( t) + c *. Q . ( t) ou lll ( 6-12) 
Summary 
It must be understood that the convex method of 
routing channels is based on relationships empirical 1n 
or1g1n. It is noted that many aspects of this model can 
also be seen in the Muskingum method. Both are princi-
pally hydrological in concept. 
Introduction 
CHAPTER VII 
RESULTS 
As stated 1n Chapter 2, the objectives are to 
determine the sensitivity of the combined version of the 
BMP-NONPT model. The areas selected for parametrics are 
the percent imperviousness and the design rainfall para-
meters. 
As discussed earlier, the runoff capability of a 
watershed area is a function of the design storm intensity, 
topography, type of soil, land use, evapotranspiration, 
and imperviousness of the soil. 
Imperviousness as applied here means the inability 
of materials to be penetrated by water. This would include 
certain types of soils such as clay, roads, and roof 
tops. In hydrologic modeling the impervious portion of a 
watershed is expressed as a percent to ·the total area. An 
area with a high percent imperviousness would be a city 
as opposed to farmland with a low one. Therefore, an area 
with a high impervious percentage would exhibit a much 
greater volume of runoff than a pervious area would, 
assuming the same meterological and topographic conditions 
for both areas. 
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This implies that cover complex curve numbers must 
be adjusted to take into account impervious areas. When 
calculating the weighted curve number, the percent lmper-
vious is usually given a 98 (1). This will balance out 
the factors of evaporation and initial abstraction. Quan-
titatively speaking, the computed hydrographs should then 
reflect any variations in the percent imperviousness while 
maintaining other variables constant. 
As stated previously, the standard rainfall duration 
and distribution curves are virtually used everywhere in 
the United States for tile development of hydrographs and 
flood control planning. The U.S. Weather Bureau has 
published storm distribution curves for the Southeastern 
United States. Using a curve of this type, one can dis-
tribute a specific rainfall volume throughout the dura-
tion of the storm. The selection of the design rainfall/ 
duration is important. The peak flow for a shorter dura-
tion design rainfall is usually higher than one with a 
longer duration (1). For example, the design rainfall 
for a 50 year-1 hour storm and 5 year-6 hour storm for 
Orange County are 2.78 and 4.5 inches, respectively. The 
rainfall rate per hour is 2.78 inches per hour for the 
5 year-1 hour storm and 0.75 inches per hour for the 
5 year-1 hour storm. Therefore, when considering the 
runoff potential for a particular rainfall, the higher 
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intensity stonncould be more burdensome than the lower one. 
In any case, more than one design rainfall should be used 
in hydrologic work. 
In general, the longer storm durations are usually 
used in detention basin transport facilities. The 
shorter design rainfalls are used in runoff transmission 
designs {l). 
Objective Approach 
To determine the effects of changing one parameter, 
the other parameters of the model are set constant. 
The parameters being set constant in this study 1s 
described in Chapter IV. The design return periods 
selected for the study area are 5, 25, and 50 year storm 
events with durations of 1, 2, 6, and 24 hours. These 
values for the study area were abstracted from reference 2. 
The percent imperviousness calculated for each sub-
basin is shown in Table 1. To determine the effects of 
different percent impervious values on the combined model, 
a 25 year-24 hour design storm frequency with a duration 
of 24 hours was used. The first computer run used the 
computed percent imperviousness values already determined 
in Chapter IV. The next two consecutive computer runs 
doubled and then tripled those original values used in 
the first run. 
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Parametric Analysis 
The results of the sensitivity analyses using 
changes in design storm events is plotted 1n figure 12. 
For each set of rainfall durations, i.e., 1, 2, 6, and 
24 hours, the peak flows for each rainfall event is 
plotte6 against rainfall volume for the design storm. 
As stated earlier, the selection of the design 
rainfall should take into account the type of stuay 
being performed, the required governmental design cri-
teria, and the needs and resources of the community. The 
results of this graph reinforce the concept, a lower fre-
quency design does not necessarily correspond to larger 
peak flows. For example, the peak flows for the 50 
year-6 hour and 50 year-25 hours storms, as seen 1n fig-
ure 11, are approximately the same. An explanation for 
these results is enhanced by the study of figure 8 and 
equation 5-4. In development of the peak flow, it was 
determined that this flow is a function of the storm 
duration, area, time of concentration, and the total raln-
fall. Even though the total rainfall is increased, the 
maximum flow will also depend on other variables in the 
equation. Note the total rainfall value R in the numera-
tor of equation 5-4. Also the duration variable D in this 
equation's denominator. Rainfall volume divided by a 
duration is a flow rate; therefore, the intensity of the 
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storm event vTill influence the peak flow. 
Table 6 has the results of maintaining the design 
rainfall event constant, i.e., 50 year-24 hour, and 
increasing the percent imperviousness of the sub-basins. 
Note that the change in peak flows are not substantial 
in comparison to the change in imperviousness. 
Exarninlng the equation 5-4 and studying those var-
iables that influence the peak flow, one can conclude the 
following. 
When the total rainfall is increased by increasing 
the percent impervious variable, the shape of tl1e corres-
ponding hydrograph will not change substantially unless 
the change in the impervious variable alters the time of 
concentration variable. This conclusion can also be sub-
stantiated by exam1n1ng figure 8. The time to peak, lag 
time, and the tiffie of concentration all are dependent on 
how the percent imperviousness interrelates to the study 
area. If the increased percent imperviousness were to 
increase the valocity of the runoff, then the impervi-
ous variable decreased the time of concentration. The 
resultant peak flow rate would then increase. To explain 
this approach from a different viewpoint, two more com-
puter runs were made on the 50 year-24 hour design rain-
fall event. The first run used one-fifth the calculated 
time of concentrations. The second run used one-tenth 
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Table 6 
Peak Flows of a 50 year-24 hour Design 
Storm with a Changing Percent Imperviousness 
Q peak (cfs) 
2262 
2282 
2376 
50 year/24-hour storm 
% Imperviousness 
Calculated percent 
imperviousness seen 
on Table 4 
2 times calculated 
percent imperviousness 
seen on Table 4 
3 times calculated 
percent imperviousness 
seen on Table 4 
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of those values listed 1n Table 4. These results are 
plotted on figure 12. As expected, the shape of the 
curve changed to accommodate a varying time to peak and 
time for the rainfall event. 
Summary 
In su~nary of this analysis, two major conclusions 
were established concerning the design rainfall event 
and the percent impervious values of the study area. 
One, many rainfall events should be used in the 
study and design of retention/detention facilities. A 
low probable rainfall event may not be as effective or 
desirable in the design of hydrologic flood control pro-
jects than a more conservative event. 
The second conclusion to be made is that the per-
cent impervious parameter for a study area is not the 
decisive factor in the determination of the peak runoff 
or the shape of the runoff hydrograph. The point is made 
that the time to peak, time of concentration, and lag 
times will determine the shape of the runoff hydrograph. 
An increasing percent imperviousness can only influence 
the shape of the hydrograph when the percent change 
alters the previously mentioned factors. 
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CHAPTER VIII 
CONCLUSIONS AND REC0~1ENDATIONS 
The combining of the Best.Management Practices and 
Non-Point models has not altered their individual capa-
bilities. This newly created version makes it easier to 
perform and generate hydrologic studies. This is because 
there are less cards to punch and use between individual 
runs of both models. 
The analysis on the selected design rainfall has 
established the need to understand the characteristics of 
different design storms and how to incorporate these storms 
1n design considerations. 
The results of studying the percent imperviousness 
has proven the point that by increasing the percent imper-
viousness without changing the time of concentration, will 
not substantially change the peak runoff flow. This can 
only occur when the change in the fraction of impervious 
area alters the time of concentration. In actual field 
study this indicates that when an area experiences growth, 
such as a housing development, the shape of the runoff 
hydrograph from this type of growth would not change 
significantly as one would intuitively determine. How-
ever, if the time of concentration 1s changed the shape of 
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the hydrograph would also cnange to indicate the hydro-
logic conditions for the study area have been altered. 
It is recommended that more analysis be performed 
on the combined model in the area of volumetric consider-
ations. Documentation is also required using a well 
documented watershed to substantiate tne usefulness of 
this model as a tool 1n hydrologic studies. 
A user's manual is listed in Appendix II. The B~W­
NONPT model is now a computer model 1n the Florida Tech-
nological University computer system. 
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APPENDIX 
USER'S MANUAL FOR USE WITH THE BMP-NONPT MODEL 
This appendix presents the explanation of the com-
puter cards and data needed for running of the BMP-NONPT 
Program. 
Included are all the steps required with explanation 
for input of the program. Each step gives the card name 
and format. 
FIRST CARD GROUP--Title and Plot Option Card (22A3,I4) 
Cols. 1-66 This card is used to input name of basin, 
title of program, user's name, date, etc. 
Anything desired by the user may be punched 
on the title card. 
Col. 70 I - plot last output only 
0 - plot all output 
SECOND CARD GROUP--Computing Time Card (2Fl0.4) 
Co1s. l-10 T = time interval for computation (minutes) 
Cols. 11-20 TF = final time of output (minutes) 
THIRD 
Cols. 
This card gives the time inverval for compu-
tations and the final time of output. All 
computations will be made and printed at the 
time interval for computations specified from 
time zero to the final time of output. 
CARD GROUP--Input Hydrograph Multiplier (Fl0.4) 
1-10 AMULT = value of multiplication factor which 
will multiply the discharge for all input 
hydrographs at each of the nodes. This value 
represents the design rainfall intensity in 
inches/hour when using the rational formula. 
If the rational formula is not used for flow 
calculation, the units of AMULT must be con-
sistent with steps 6 and 8. 
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FOURTH CARD GROUP--Input Hydrograph Identification Numbers 
( 2 IS) 
Cols. 
Cols. 
1-5 I -
6-10 J == 
sub-area land use number 
node number 
This card gives the sub-area land use number 
and the associated node number for the input 
hydrograph being read in. There can only be 
two land use numbers (l and/or 2) for each 
node. A maximum of 30 nodes is allowed and 
number consecutively from the upstream node 
to the final discharge node. 
FIFTH CARD GROUP--Hydrograph Time Length (Fl0.4) 
Cols. l-10 UF = time length of input hydrograph 
(minutes) 
SIXTH CARD GROUP--BMP-Option Card (IS) 
If hydrograph values are to be read-in place 
a "1" in the first 5 columns of the next card 
and then skip to step 14. If the BMP model 
is to be used to generate the hydrographs, 
place a "0" in the first 5 columns of the 
next card and then proceed to the next step. 
SEVENTH CARD GROUP 
The seventh card group is for problem descrip-
tion and print formats, type of holding basin 
and land use type. 
Card Group #7 (one card) 
Description 
Problem Description 
Print Option 
Basin Type 
Land Use Option 
EIGHTH CARD GROUP 
= 0 print all data 
- 1 print only 
sununar1es 
== 0 diversion/ 
retenti.on 
= 1 diversion/ 
detention 
- 0 if residential 
= 1 if commercial 
Format 
24A3 
I2 
I2 
I2 
The second input card provides fields to 
describe the watershed characteristics that 
essentially determine runoff quantity given 
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EIGHTH CARD GROUP 
The eighth input card provides fields to 
describe the watershed characteristics that 
essentially determine runoff quantity given a 
precipitation event. Runoff quantity is cal-
culated for a time step by computing rainfall 
excess. The time of concentration is used in 
Muskingurn routing of the rainfall excess. If 
the time of concentration is not read into the 
program, the program will calculate it using 
Izzards formula. It must be noted that this 
formula is good for specific conditions of 
overload flow and generally accepted to be 
valuable if the product of rainfall intensity 
(in/hr) and length of flow feet is less than 
500. 
Rainfall excess lS calculated for the pervi-
ous areas after an infiltration volume is 
abstracted from rainfall. This is done 
using the curve number soil-complex method 
or Horton's equation: 
F = FC + (FO - FC) -K( ) 
where F = Infiltration capacity (depth/time) 
K =Horton's depletion coefficient (/time) 
FC = Limiting infiltration rate (depth/time) 
FO = Initial infiltration rate (depth/time) 
The eighth input card group 1s as follows: 
Card Group #8 (one card) 
Description 
Curve Number (CN) 
Time of Concentration (TC) , minutes 
Area, acres 
Impervious portion, percentage 
Time step for reporting hydrographs, etc., 
minutes 
Maximum number of time steps which is 
greater than the precipitation record 
time divided by the time step 
Format 
F5.1 
F5.1 
F5.1 
F5.l 
FS.l 
IS 
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Description 
If (TC) not read, then computer program 
will calculate by Izzards Formula 
Overland flow length, feet 
Surface Slope, decimal 
Rational runoff coefficien~ decimal 
Izzards retardance coefficient, decimal 
Effective rainfall intensity, inches/hour 
If {FC) not read, rainfall excess and 
infiltration calculated by the curve 
number routine 
Limiting infiltration rate in Horton's 
Equation (inches/hour) (FC) 
Initial infiltration rate in Horton's 
Equation (inches/hour) 
Horton's depletion coefficient (/hour) 
NINTH CARD GROUP 
Format 
IS 
F5.4 
F5.4 
F5.4 
F5.2 
F5. 2 
FS. 2 
FS. 2 
Data to define the holding basin are entered 
on the ninth card. Here the geometry of the 
basins is specified. The depth of water (not 
including freeboard) must consider the per-
colation rates. The depth of the holding 
basin will determine the maximum soil storage 
water volume. If the maximum water storage 
is not read, the computer program will provide 
this number using the curve number method, 
equation (3). Other geometric data on 
desired shape must be provided, such as rec-
tangular or oval, side slope (feet vertical 
per foot horizontal) , and the ratio of the 
top length to top width. 
Card Group #9 (one card) 
Description 
Desired Depth of water in holding basin 
(feet) 
Side slope (feet vertical per foot 
horizontal) 
Ratio of length of top/width of top 
Desired Shape of Basin 
Shape = 1 - Rectangular 
Shape = 2 - Oval 
Maximum discharge hydrograph value (cfs) 
Format 
F5.2 
FS. 3 
FS .l 
FS .1 
FS. 0 
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Description 
Runoff diversion depth (inches over watershed) 
Maximum soil storage (inches} 
If maximum soil storage not read, computed 
from (CN) 
Initial basin infiltration rate (in/hr) 
Final basin infiltration rate (in/hr) 
Basin infiltration depletion rate (in/hr) 
Land cost ($/acre) 
Excavation cost ($/cu yd) 
Cover crop cost ($/sq ft) 
Inlet/Outlet cost ($) 
Operation, Replacement and Maintenance cost 
( $/AC/month) 
TENTH CARD GROUP 
Format 
FS. 2 
FS. 2 
FS. 2 
FS. 2 
FS . • 2 
F5. 0 
F5 • 2 
FS . • 0 
F5 • 0 
Soil moisutre data are next entered into the 
computer program. Average monthly evapor-
transpiration (Stewart and Mills, 1966), 
from an area are entered. 
Card Group #10 (one card) 
Description Format 
Average monthly evaportranspiration 
(inches) (12 values) 12F5.2 
FS.2 Soil moisture added from non-rainfall (inches) 
Soil moisture removed from non-rainfall 
(inches) 
ELEVENTH CARD GROUP 
F5.2 
If a simulation of multiple (monthly, season-
al, yearly, etc.) rainfall/runoff events is 
required, then the day of the rainfall event 
is entered into the computer program. In 
addition, pollutant data for the daily quan-
tities of pollutants over the watershed as 
projected for transport to the proposed man-
agement practice location must be entered. 
It is not necessary to read the pollutant data 
for each storm event if the daily average 
transported quantities are not expected to 
change. The eleventh card is repeated after 
the twelfth card for each event.,. 
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Card Group #11 (one card per event) 
Description 
Day of the year storm starts, begin with 
January 1, examples are: 6 a.m., January l, 
as 0.3 and February 3 at 12 noon as 33.5* 
BOD 5 loading rate (lbs/acre-day) 
SS loading rate (lbs/acre-day) 
Nitrogen loading rate (lbs/acre-day) 
Phosphorus loading rate (lbs/acre-day) 
BOD removal rate for one hour duration 
storm (/hr) 
SS removal rate for one hour duration storm 
(/hr) 
Nitrogen removal rate for one hour duration 
storm (/hr) 
Phosphorus removal rate for one hour duration 
storm (/hr) 
Pollutant loads/storm selection variable 
= 0 use regression formulas 
= 1 use no regression formulas 
Format 
F5.1 
F5.3 
Fs.3 
F.3. 3 
FS.3 
FS. 3 
F 5. 3 
F.S .. 3 
F-5 .. 3 
F·s. 3 
* (l) Simulation for 366 days or one year, longer 
simulations not possible, when Day = 0.0, 
simulation ends. 
(2) Four other quality measures may be substituted 
for four used here. 
(3) If loading rates = 0.0, then previous loading 
rate values are used. 
(4) Pollutant loads selection variable only read for 
first storm event. 
TWELFTH CARD GROU? (used together with the ELEVENTH CARD 
GROUP) 
The final card group is for precipitation. 
One card for each precipitation event. The 
maximum number of cards per event is seven 
(7). Sixteen precipitation entries are 
available for each card group. The first 
field must have a precipitation value other 
than zero. If it is required to abstract an 
initial volume of rainfall (surface storage), 
then adjustements must be made prior to the 
precipitation entries. 
Card Group #12 (one card per 16 rainfall entries) 
Description 
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Card Group #12 (one card per 16 rainfall entries) 
Description Format 
Rainfall per time step (up to 16 values per 
card} equal to the maximum number of time 
steps 16F5.3 
THIRTEENTH CARD GROUP--BMP-END CARD 
Use a blank card to signify the end of data 
to the BMP model. Then proceed to the Card 
15. 
FOURTEENTH CARD GROUP--Hydrograph Values (7Fl0 .. 4)--rnore 
than one card may be needed 
Cols.. 1-10 UH(I,J,l) Ordinate hydrograph values 
Cols. 11-20 UH(I,J,2) of the input hydrograph for 
Cols. 21-30 UH(I,J,3) each time increment, T, up 
Cols. 31-40 UH(I,J,4) to the time length of the 
etc. etc. input hydrograph. The units 
on these values can be cfs 
or dimensionless, depending 
upon the units selected for 
the scaled flow values RF 
which follows in Step 16. 
The number of ordinate hydrograph values 
needed is NUTF = UTF/T. Put up to seven 
values on each card and then continue values 
on the next card(s} until NUTF values are 
read in. 
FIFTEENTH CARD GROUP--Number of Events (IS) 
Cols. 1- 5 N = number of scaled flow events to be con-
sidered. See Step 16 for more information 
concerning this N value. 
SIXTEENTH CARD GROUP--Scaled Flow and Time (6Fl0 .. 3) 
Cols. 1-10 
Cols .. 11-20 
Cols. 21-30 
Cols. 31-40 
Cols. 41-50 
Cols. 51-60 
RF ( 1) RF = the value of the scaled flows 
TRF ( 1) TRF = time at which the rainfall event 
RF ( 2) or scaled flow begins 
TRF ( 2) 
RF ( 3} There will need to be N values of RF' 
TRF ( 3) and TRF read in. 
As mentioned in Step 14, the units on RF can 
be cfs or dimensionless, depending upon the 
units of the input hydrograph (UH( ) . The 
program multiplies AMULT x RF x UH( ) i 
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therefore, the product of AMULT x RF x UH( ) 
must have units of cfs. 
With Step 14, the input data for the input 
hydrograph is complete. The NONPT program 
will then construct the completed unit 
hydrograph. All values read in are printed 
out and the constructed hydrograph is printed 
in column form or on a computer printout 
plot of Q vs. time. 
It should also be noted that the rainfall 
duration which corresponds to the scaled flow 
values used in the hydrograph construction lS 
equal to the time increment, T. 
SEVENTEENTH CARD GROUP 
Next, the program will automatically go back 
to Step 10 and repeat for another set of 
input hydrograph values for another land use 
or node (Steps 10 through 14). 
EIGHTEENTH CARD GROUP--Hydrograph Ending Card (Blank) 
Put a blank card at the end of the hydrograph 
data to cause the program to continue to the 
next step. 
NINETEENTH CARD GROUP--Baseflow (I5,Fl0.2) 
Cols. l-5 NQBAS = node number from which the base flow 
begins 
Cols. 6-14 QBASE = value of the baseflow (cfs) 
TWENTIETH CARD GROUP--Nodal Data (lliS) 
Cols. 1- 5 
Cols. 5- 10 
Cols. 11- 15 
Cols. 16- 20 
etc. 
NODE = node number 
JN(l)= plpes, channel or conduits flowing into 
JN(2)= the node. May input up to 10 pipes 
JN(3)= into each node. 
etc. 
The nodal network must be numbered beginning 
at the furthest point and progressing toward 
the discharge point so that each successive 
node can be solved for in terms of known 
flows into the node. It is not necessary to 
designate the land use areas into each node 
because all land use area hydrographs are 
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zeroed out initially and, thus, only hydro-
graphs with non-zero values are added to the 
nodal flow. The present dimension state-
ments allow for a maximum of 30 nodes. 
TWENTY-FIRST CARD GROUP--Transport Data (I5,6Fl0.2) 
Cols. 1- 5 NPK = 0 for circular cross section of pipe 
NPK = 1 for trapezoidal cross section of 
channel 
Cols. 6-15 
Cols. 16-25 
Cols. 26-35 
Cols. 36-45 
Cols. 46-55 
Cols. 56-65 
DB = diameter of circle or the bottom width 
(W) of channel (feet) 
Z = slope of channel sides, Z, is horizontal 
value for 1 vertical (no units). The z 
value is not required for a circular 
cross section. 
Y = maximum depth of channel (feet). Y is 
not needed for a circular cross sec-
tion. 
AN =roughness coefficient 1n Manning's 
Eauation (no units) 
S = slope of p1pe or channel (no units) 
AL = length of p1pe or channel section 
{feet) 
The data on this card are used to 
calculate the flow parameters from 
t1anning' s Equation. 
TWENTY-SECOND CARD GROUP--Constraint Relations (IS,Fl0.2) 
Cols. 1- 5 NCONS = 0 the constraint flow lS the maximum 
value of flow for the plpe or channel 
NCONS = 1 the constraint flow lS to be read 
in 
Cols. 6-15 QCON = the value of constraint flow (cfs) 
needed when 
NCONS = 1 
TWENTY-THIRD CARD GROUP--Reservoir/Retention Basin 
Specification (IS) 
Cols. 1 - 5 NRES = 0 no reservoir discharge relationship 
is specified 
NRES = l a reservoir volume vs. discharge 
relationship will be specified 
If no reservoir discharge is specified 
(NRES = 0), then a blank card may be 
used. For this case, a reservoir may 
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still be formed if the flow exceeds the 
constraint flow specified in Step 22. 
For NRES = 0, skip step 24 and go to 
step 25. 
TWENTY-FOURTH CARD GROUP--Reservoir Discharge Volume 
Relationship (6Fl0.3) - 2 cards required 
First Card 
Cols. 1-10 
Cols. 11-20 
Cols. 21-30 
Cols. 31-40 
Cols. 41-50 
Cols. 51-60 
Second Card 
Cols. 1-10 
Cols. 11-20 
Cols. 21-30 
Cols. 31-40 
Cols. 41-50 
Cols. 51-60 
v { 1) 
QR( 1) 
v ( 2) 
QR ( 2) 
v ( 3) 
QR ( 3) 
v ( 4) 
QR ( 4) 
v ( 5) 
QR ( 5) 
v ( 6) 
QR ( 6) 
V( ) = the volume in cubic feet 
QR( )= discharge in cfs 
Up to six (6) pairs of volume, V, vs. 
discharge, QR, are specified to describe 
the volume vs. discharge curve for a 
particular weir or retention basin. 
The origin pair of points must be specified 
and at least one more pair of points. If 6 
pairs of points are not needed to specify 
the curve, the computer cards are left blank 
after the first two pairs. 
TWENTY-FIFTH CARD GROUP 
At this step the program will automatically 
go back to Step 20 and read in another set of 
nodal data (Steps 20 through 23 or 24). 
TWENTY-SIXTH CARD GROUP--Nodal Ending Card (1 blank card) 
Put in a blank card at the end of the nodal 
network to continue to the next step. 
TWENTY-SEVENTH CARD GROUP--Yearly Rainfall Data (3Fl0.3) 
Cols. 1-10 
Cols. 11-20 
Cols. 21-30 
Number of rainfall events producing a 
hydrograph, N 
Total rainfall per year in inches R . This 
option assumes that AMULT (Step 9) ~as units 
of inches/hour. 
Total rainfall used for the design hydrograph 
FD 
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TWENTY-EIGHTH CARD GROUP--Pollutant Data (2A4,A2,3Fl0.3) 
Cols. 1-10 Alpha name of pollutant 
Cols. 11-20 AKI - slope of pollutant mass loading line as 
determined from regression analysis 
Cols. 21-30 AK2 - intercept of pollutant mass loading 
line as determined from regression 
analysis 
Cols. 31-40 SDEV - one standard deviation of the regres-
sion analysis 
The card of Step 27 is repeated for different 
pollutants and their associated values. The 
pollutants in pounds per day that will be 
calculated in Step 27 use a linear regression 
equation based on the average flow from the 
measured node and the total pollutants per 
year are calculated using equation (XI-9). 
TWENTY-NINTH CARD GROUP--Pollutant Ending Card (1 blank 
card 
A blank card is used to end the pollutant 
step and completes the input data. 
REFERENCES 
1. Wanielista, M. P. Stormwater Management. Ann Arbor: 
Ann Arbor Science, August 1978. 
2. U.S. Department of Commerce. Weather Bureau. Techni-
cal Paper, T.P. 40. Washington, D.C.: Government 
Printing Office, n.d. 
3. U.S. Department of Agriculture. Engineering Division. 
Urban Hydrology for Small Watersheds. Technical 
Release no. 55. Washington, D.C.: Government 
Printing Office, 1975. 
4. Smoot, James L. "Spruce Creek Watershed Non-Point 
Source Loading Model.'' Research Report, Florida 
Technological University, 1977. 
67 
